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(54) Projector apparatus 

(57) A projector apparatus comprises an image sig- 
nal processor (2) for generating color drive signals of at 
least four channels, which correspond to at least four 
kinds of colors including colors selected according to the 
spectrum of a light source, from the three primary color 
image signals; a light-splitting device for splitting the 
light from the light source into at least four kinds of light 



according to the colors corresponding to the color drive 
signals generated in the image signal processor (2); 
light valves (LB), each of which comprises a liquid crys- 
tal element driven by the color drive signal for modulat- 
ing each light component split from that of the light 
source by the light-splitting device; and a combining de- 
vice for combining the light components modulated by 
the light valves. 
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Description 

This invention relates to projector apparatus. 

In recent years, there are becoming widespread 
projection type projector apparatuses, each of which us- 
es three TFT (Thin Film Transistor) liquid crystal display 
panels corresponding to the three primary colors of RG B 
(red, green and blue), (hereinafter referred to as a 
3-plate projector apparatus). This projector apparatus 
projects images on a large screen hung on the wall or 
a semitransparent screen such as a Fresnel lens to pro- 
vide realistic images on the large screen appealing 
strongly to the watchers. This projector apparatus com- 
prises an optical system and a driving control system of 
the optical system that are all housed in the apparatus. 
The light emitted from a light source of the optical sys- 
tem is splitted into RGB colors, then modulated by light 
valves, each of which comprises a liquid crystal panel, 
according to the drive signals generated by the driving 
control system, then combined again to form color im- 
ages. 

Figure 1 is a schematic diagram illustrating an ex- 
ample of the optical system of a previously proposed 
projector apparatus. 

The light W emitted from the light source 31 is inci- 
dent on the dichroic mirror 32 to be splitted into red light 
R, green/blue light G/B, for which the light R is reflected 
and the light G/B is transmitted. 

The light R splitted by reflecting on the dichroic mir- 
ror 32 is further reflected by the mirror 33, then modu- 
lated by the light valve LBII that controls transmission of 
the red light and led to the dichroic mirror 34. The light 
G/B transmitted through the dichroic mirror 32 reaches 
the dichroic mirror 35, and is splitted into lights G and 
B. The light G splitted by reflecting on the dichroic mirror 
35 is modulated in the light valve LB12 that controls 
transmission of green light, then led to the dichroic mir- 
ror 34 and reflected therefrom so as to be combined with 
they light R and led to the dichroic mirror 37 as a light 
R/G. In the meantime, the light B transmitted through 
the dichroic mirror 35 is modulated by the light valve 
LB13 that controls transmission of blue light, then re- 
flected by the mirror 36 and led to the dichroic mirror 37. 

The dichroic mirror 37 transmits the light R/B led 
from the dichroic mirror 34 and reflects the light B re- 
flected from the mirror 36, so that the lights with those 
3 colors are combined. The combined light RGB is en- 
larged through a projection lens 38 and projected on, for 
example, a screen hung on the wall. 

The light source 31 used for the projector apparatus 
shown in Fig. 1 has emission characteristics with vari- 
ous spectral distributions depending on the lamp in use. 
Therefore, when selecting three chromaticity points 
meeting the EBU (Europe Broadcast Union) Standard 
for each of RGB for a light source having a spectral dis- 
tribution, for example, as shown in Fig. 2, it becomes 
difficult to reproduce the color correctly because the 
green color purity is changed by the color (orange) rep- 



resented by the spectrum peak generated around the 
wavelength of 590 nm. 

To avoid this, there is an idea to cut this orange light 
to improve the color purity. In this case, however, the 
s efficiency to use the light from the light source is low- 
ered, causing the dynamic range to be narrowed to 
make the degree of whiteness become insufficient. 

Conventionally, when priority is given to the color 
purity over others, the efficiency to use light is lowered. 
10 On the contrary, when the efficiency to use light is im- 
proved with the strong light generated around the wave- 
length of the green light being included in the green re- 
gion or red region, the color purity must be sacrificed to 
some extent depending on the emission characteristics 
15 of the lamp used as the light source. 

According to one aspect of the invention there is 
provided a projector apparatus as set forth in claim 1 . 

According to another aspect of the invention there 
is provided a projector apparatus comprising a light 
source, an optical system comprising a dichroic mirror 
as a light-splitting device for splitting for the light emitted 
from the light source into lights with specified colors and 
light valves for carrying out optical modulation of the 
splitted lights; and a driving processing system for gen- 
erating color drive signals for driving the light valves ac- 
cording to color image signals, wherein the driving 
processing system includes a drive signal generator for 
generating at least four channels of the color drive sig- 
nals from color image signals of the three primary colors, 
each of the color drive signals corresponding to at least 
four kinds of colors including colors selected according 
to the spectrum of the light source, and the optical sys- 
tem includes the light-splitting device for splitting the 
light from the light source into at least four lights accord- 
ing to the colors corresponding to the color drive signals 
generated by the drive signal generator; light valves for 
carrying out optical modulation of the splitted lights, for 
which the light from the light source is splitted by the 
light-splitting device, according to the color drive sig- 
nals; and a combining device for combining the lights 
modulated by the light valves. According to a preferred 
form of implementation of the invention, at least four 
color drive signals corresponding to required chromatic 
points according to the light source spectral distribution 
are generated from inputted image signals, and four 
light valves to be driven by the color drive signals are 
provided. Thus, the fourth light valve is driven by a fourth 
color drive signal in addition to the three light valves driv- 
en by three kinds of color drive signals corresponding 
to the three primary colors of RGB, so that the efficiency 
of using the light source can be improved and the color 
reproduction range can be expanded significantly. Con- 
sequently, even when monitoring images of an ordinary 
image source, the image can be represented at points 
where both saturation and luminance on the luminance 
axis are higher than those of the previously proposed 
projector apparatus. 

Furthermore, more improved representation of lu- 
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minance becomes possible with the constraint condition 
in generating four or more kinds of color drive signals, 
so that gradation can be much improved. Furthermore, 
image resolution can be improved by splitting luminance 
component effective for improving resolution and by 
providing four or more light valves. Furthermore, with 
the preferred form of implementation of the invention, a 
portion where the efficiency of using light is improved 
can be represented by at least 4 values, the peak lumi- 
nance can be improved, and this peak luminance can 
be used to enable modulation. 

The invention will now be further described, by way 
of illustrative and non-limiting example, with reference 
to the accompanying drawings, in which: 

Fig. 1 is a schematic diagram illustrating an optical 
system used for a previously proposed projecting 
apparatus; 

Fig. 2 is an illustration showing an example of the 
spectral distribution of a light source; 
Fig. 3 is a block diagram showing a part of the pro- 
jector apparatus circuitry in an embodiment of the 
present invention; 

Fig. 4 is a block diagram showing part of an image 
signal processor in the embodiment; and 
Fig. 5 is a schematic diagram illustrating the optical 
system in the embodiment. 

Hereunder, an embodiment of a projector appara- 
tus of the present invention will be described. The em- 
bodiment will be explained in relation to a light source 
having the spectral distribution shown in Fig. 2. 

Figure 3 is a block diagram showing a part of the 
circuitry of the projector apparatus in this embodiment. 

The projector 1 is connected to a image source 30 
such as a video deck or a TV tuner as an external input 
device. The projector 1 can output image signals sup- 
plied from this image source 30 onto a monitor. In this 
embodiment, the image source 30 is assumed to supply 
the RGB three primary color signals and the synchro- 
nous signal is assumed to be superposed on one of the 
three primary color signals, for example, the G signal. 
The synchronous signal may also be supplied via an- 
other route without being superposed on image signals. 
Furthermore, image signals may be inputted as video 
signals. 

The RGB three primary color signals supplied from 
the image source 30 are supplied to the image signal 
processor 2. This image signal processor 2, as will be 
described later more in detail, generates and outputs 
drive signals R D , Or D , G D , and B D corresponding to the 
four colors (e.g., red, orange, green, and blue) from the 
RGB three primary color signals in this embodiment. 
This is to effectively use the light source having a strong 
emission spectrum in the orange color region. The G 
signal is also supplied to the synchronous circuit 3 and 
synchronous signals (vertical and horizontal) Sync are 
separated there. 



Drive signals generated in the image signal proces- 
sor 2 are supplied to the optical system 10 shown with 
a broken line. In Fig. 3, only the light valves LB1 to LB4 
and the projection lens 21 are illustrated in the optical 
5 system 10, but as explained later in Fig. 5, the optical 
system 10 comprises a light source and other various 
optical parts including dichroic mirrors. The light valves 
LB1 to LB4, each comprising a polarizing plate and a 
liquid crystal panel, are supplied with drive signals R D , 
io Or D , G D , and B D , respectively, which are output from the 
image signal processor 2, and the synchronous signal 
Sync separated in the synchronous circuit 3. The lights 
once splitted into, for example, with four kinds of colors 
after being emitted from the light source are modulated 
by drive signals R D , Or D , G D , and B D , as well as by the 
synchronous signal Sync before they are output. The 
modulated lights are combined again and projected by 
the projection lens 21 on, for example, a screen S hung 
on the wall. 

Figure 4 is a block diagram showing a main part of 
the image signal processor 2. 

Color signals inputted from the image source 30, for 
example, the RGB three primary color signals, are sup- 
plied to the luminance/color difference signal generator 
2a which executes processing of the supplied signals 
by specified add operations to find the luminance signal 
Y, and further find the color difference signals R-Y and 
B-Y and outputs those found signals. The luminance 
signal Y and the color difference signals R-Y and B-Y 
are then supplied to the four color converter 2b, so that 
drive signals R D , Or D , G D , and B D are generated for four 
colors of RGB and orange in this example, respectively. 

The conversion processing in the four color convert- 
er 2b is executed to enable color information defined by 
input signals on three channels to be defined by output 
signals on four channels (4-color). The conversion will 
therefore result in simply producing infinite number of 
solutions. To avoid this, any one of the four output colors 
must be constrained. Then, in this embodiment, the lu- 
minance signal Y, which is achromatic, is constrained 
so that the orange color drive signal Or D is determined 
by 3x4 conversion. When the luminance signal Y is thus 
constrained, the orange color drive signal Or D is ob- 
tained with the following expressions. 

Y = aR + bG + cB 



O rD = pY-q 

G D = G " S °rD 
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B D = B-tO rD 

where a, b, c, p, r, s, and t are coefficients and q 
is a constant. Values of these coefficients are set to 
those providing the best color reproduction according to 
the spectral distribution of the light source or through 
experiment. 

A conversion processing can also be executed so 
as to generally extend the chromaticity by regarding 
color reproducibility as important, in which, for example, 
color difference signal (R-Y) or (B-Y) is constrained to 
give importance to hue components. 

A matrix algebra like conversion processing may al- 
so be executed by giving importance to the linearity with- 
out using any constraining condition, or a conversion 
processing may be executed using a lookup table for 
which non-linear part is taken into consideration. 

Hereunder, with reference to Fig. 5, a configuration 
of the optical system 10 will be described which is driven 
by the four drive signals Rq, Or D , G D , and B D generated 
by the image signal processor 2. 

The light W emitted from the light source 11 is inci- 
dent on the dichroic mirror 12 and splitted so that the 
light Or/R in the orange/red region is reflected and the 
light G/B in the green/blue region is transmitted. 

The orange light Or represents the light with a peak 
at the wavelength of 590±1 5 nm emitted when using the 
light source 11 having the emission characteristics 
shown in Fig. 2. The wavelength of the peak changes 
according to they emission characteristics of the lamp 
in use. 

The light Or/R splitted by the dichroic mirror 12 is 
led to the dichroic mirror 13 and further splitted there 
into the light R in the red region and the light Or in the 
orange region with the light R being transmitted and the 
light Or being reflected. The light R is reflected by the 
mirror 14 and modulated by the light valve LB1 for red 
color, then led to the dichroic mirror 16. The light Or, 
after being reflected by the dichroic mirror 1 3, is reflect- 
ed again by the mirror 1 5a and modulated by the light 
valve LB2 for orange color. The modulated light Or is 
led to the dichroic mirror 16. 

The dichroic mirror 1 6 is formed to transmit the light 
R in the red region and reflect the light Or in the orange 
region, so that the modulated light R and Or are allowed 
to be combined there and the combined light Or/R is led 
to the dichroic mirror 17. 

In the meantime, the light G/B that has been trans- 
mitted the dichroic mirror 12 reaches the dichroic mirror 
18 and is splitted into with the light G in the green region 
and the light B in the blue region with the light G being 
reflected and the light B being allowed to be transmitted. 
Then, the light G is further reflected by the mirror 15b, 
modulated by the light valve LB3 for green color, and 
then led to the dichroic mirror 1 9. The light B, after being 
transmitted through the dichroic mirror 13, is reflected 
by the mirror 20, then modulated by the light valve LB4 



for blue color. The modulated light B then reaches the 
dichroic mirror 19. 

The dichroic mirror 19 is formed to reflect the light 
G in the green region and transmit the light B in the blue 
s region, so that the modulated lights G and B are com- 
bined and the combined light G/B is led to the dichroic 
mirror 17. 

The dichroic mirror 1 7 is formed to transmit the light 
Or/R and reflect the light G/B, so that all of the modulat- 
es ed lights with respective colors are combined to gener- 
ate a full-colored light RGBOr according to the input im- 
age signals. This full-colored light flux RGBOr is ex- 
panded and projected on a screen S (not illustrated) by 
the projection lens 21 . 
is Resolution of the image can be improved by subtly 
changing the positions of the light valves LB1 to LB4 to 
subtly shift the four spectral components. When trying 
to improve the resolution with lights of only three colors, 
remarkable color shifts appear at edges. In contrast with 
this, use of lights with four or more colors as described 
above can reduce such color shifts with some way of 
combining the lights and improve the resolution to obtain 
clear images. 

As described above, four or more driving signals are 
generated for four or more colors according to input 
RGB three primary colors by taking redundancies of lu- 
minance and hue into consideration. This enables re- 
production of chromaticity points with high luminance 
and high saturation, which have been impossible in the 
prior proposal, as well as expansion of the color repro- 
duction range and fine representation within the color 
reproduction range with improvement in the gradation, 
resolution, and peak luminance of images. 

In this embodiment, an example is explained in 
which, for example, four drive signals corresponding to 
four kinds of colors are generated from the RGB three 
primary color signals to drive the four light valves. How- 
ever, the number of drive signals and the light valves 
may be four or more, because the number of these items 
may be increased according to the spectral distribution 
of the light source when the efficiency in using light is 
increased. 



1 . A projector apparatus comprising: 
a light source; 

an optical system including means for splitting 
the light emitted from said light source into 
lights with specified colors and light valves for 
carrying out optical modulation of the splitted 
lights; and 

a driving processing system for generating 
color drive signals for driving said light valves 
according to color image signals, 
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wherein: 

said driving processing system includes drive 
signal generating means tor generating at least 
four channels of said color drive signals from 5 
color image signals of three primary colors, 
each of said color drive signals corresponding 
to at least four kinds of colors including colors 
selected according to the spectrum of said light 
source, and 10 
said optical system includes: 
light-splitting means for splitting the light from 
said light source into at least four lights accord- 
ing to the colors corresponding to said color 
drive signals generated by said drive signal is 
generating means; 

light valves for carrying out optical modulation 
of the splitted lights, for which the light from said 
light source is splitted by said light-splitting 
means, according to said color drive signals; 20 
and 

combining means for combining said lights 
modulated by said light valves. 



2. A projector apparatus as defined in claim 1 , wherein 25 
each of said color drive signals is a signal for driving 
each of light valves corresponding to RGB three pri- 
mary colors and a fourth color selected according 

to the emission spectral distribution of said light 
source. 30 

3. A projector apparatus as defined in claim 2, wherein 
the wavelength of said fourth color is within 590±15 
nm. 

35 

4. A projector apparatus as defined in claim 1 , wherein 
said color drive signal is generated according to the 
luminance signal and the color difference signal of 
the color image signals input to said projector ap- 
paratus. 40 

5. A projector apparatus as defined in claim 1 , wherein 
said drive signal generating means generates at 
least four types of said color drive signals with said 
luminance signal of said color image signals being 45 
used as a condition of constraint. 

6. A projector apparatus as defined in claim 1 , wherein 
said drive signal generating means generates at 
least four types of said color drive signals with said so 
color difference signal of said color image signals 
being used as a condition of constraint. 

7. A projector apparatus as defined in claim 1, wherein 
said drive signal generating means carries out a 55 
matrix algebra like conversion processing of signals 

by giving importance to linearity to generate at least 
four types of said color drive signals. 



8. A projector apparatus as defined in claim 1 , wherein 
said drive signal generating means carries out con- 
version processing of signals using look-up tables 
for which non-linearity is taken into consideration to 
generate at least four types of said color drive sig- 
nals. 

9. A projector apparatus as defined in claim 1 , wherein 
each of said light valves comprises a polarizing 
plate and a liquid crystal panel. 

1 0. A projector apparatus as defined in claim 1 , wherein 
a dichroic mirror is used as said light-splitting 
means. 

1 1 . A projector apparatus as defined in claim 1 , wherein 
a dichroic mirror is used as said combining means. 
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